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operator may keep the record elsewhere
if the record is immediately accessible
from the mine site by electronic
transmission.

(2) Upon request from an authorized
representative of the Secretary of Labor,
the Secretary of Health and Human
Services, or from the authorized
representative of miners, mine operators
must promptly provide access to any
such training record. Whenever an
operator ceases to do business, that
operator must transfer the training
records, or a copy, to any successor
operator who must maintain them for
the required period.

§72.520 Diesel equipment inventory.

(a) The operator of each mine that
utilizes diesel equipment underground,
shall prepare and submit in writing to
the District Manager, an inventory of
diesel equipment used in the mine. The
inventory shall include the number and
type of diesel-powered units used
underground, including make and
model of unit, type of equipment, make
and model of engine, serial number of
engine, brake horsepower rating of
engine, emissions of engine in grams per
hour or grams per brake horsepower-
hour, approval number of engine, make
and model of aftertreatment device,
serial number of aftertreatment device if
available, and efficiency of
aftertreatment device.

(b) The mine operator shall make
changes to the diesel equipment
inventory as equipment or emission
control systems are added, deleted or
modified and submit revisions, to the
District Manager, within 7 calendar
days.

(c) If requested, the mine operator
shall provide a copy of the diesel
equipment inventory to the
representative of the miners within 3
days of the request.

[FR Doc. 01-995 Filed 1-18-01; 8:45 am]
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ACTION: Final rule.

SUMMARY: This rule establishes new
health standards for underground metal

and nonmetal mines that use equipment
powered by diesel engines.

This rule is designed to reduce the
risks to underground metal and
nonmetal miners of serious health
hazards that are associated with
exposure to high concentrations of
diesel particulate matter (dpm). DPM is
a very small particle in diesel exhaust.
Underground miners are exposed to far
higher concentrations of this fine
particulate than any other group of
workers. The best available evidence
indicates that such high exposures put
these miners at excess risk of a variety
of adverse health effects, including lung
cancer.

The final rule for underground metal
and nonmetal mines would establish a
concentration limit for dpm, and require
mine operators to use engineering and
work practice controls to reduce dpm to
that limit. Underground metal and
nonmetal mine operators would also be
required to implement certain “‘best
practice” work controls similar to those
already required of underground coal
mine operators under MSHA’s 1996
diesel equipment rule. These operators
would also be required to train miners
about the hazards of dpm exposure.

By separate notice, MSHA has
published a rule to reduce dpm
exposures in underground coal mines.

DATES: The provisions of the final rule
are effective March 20, 2001. However,
§57.5060 (a) will not apply until July 19,
2002 and §57.5060 (b) will not apply
until January 19, 2006.

FOR FURTHER INFORMATION CONTACT:
David L. Meyer, Director, Office of
Standards, Regulations, and Variances,
MSHA, 4015 Wilson Boulevard,
Arlington, VA 22203-1984. Mr. Meyer
can be reached at dmeyer@msha.gov
(Internet E-mail), 703—235-1910 (voice),
or 703—-235-5551 (fax). You may obtain
copies of the final rule in alternative
formats by calling this number. The
alternative formats available are either a
large print version of the final rule or
the final rule in an electronic file on
computer disk. The final rule also is
available on the Internet at http://
www.msha.gov/REGSINFO.HTM.

SUPPLEMENTARY INFORMATION:
I. Overview of the Final Rule

This Part: (1) Summarizes the key
provisions of the final rule; and (2)
summarizes MSHA'’s responses to some
of the fundamental questions raised
during the rulemaking proceeding—the
need for the rule, the ability of the
agency to accurately measure diesel
particulate matter (dpm) in
underground metal and nonmetal mine
environments, and the feasibility of the

requirements for this sector of the
mining industry.

(1) Summary of Key Provisions of the
Final Rule

The final rule applies only to
underground areas of underground
metal and nonmetal mines.

The final rule requires operators: (A)
To observe a concentration limit where
miners normally work or travel by the
application of engineering controls,
with certain limited exceptions,
compliance with which will be
determined by MSHA sampling; (B) to
observe a set of best practices to
minimize dpm generation; (C) to limit
engines newly introduced underground
to those meeting basic emissions
standards; (D) to provide annual
training to miners on dpm hazards and
controls; and (E) to conduct sampling as
often as necessary to effectively evaluate
dpm concentrations at the mine. A list
of effective dates for the provisions of
the rule follows this summary.

(A) Observe a limit on the
concentration of dpm in all areas of an
underground metal or nonmetal mine
where miners work or travel, with
certain specific exceptions. The rule
would limit dpm concentrations to
which miners are exposed to about 200
micrograms per cubic meter of air—
expressed as 200ppm [g/m 3. However,
the rule expresses the limit so as to
reflect the measurement method MSHA
will be using for compliance purposes
to determine dpm concentrations. That
method is specified in the rule itself. As
discussed in detail in response to
Question 2, the method analyzes a dust
sample to determine the amount of total
carbon present. Total carbon comprises
80—-85% of the dpm emitted by diesel
engines. Accordingly, using the lower
boundary of 80%, a concentration limit
of 200ppm ng/m 3 can be achieved by
restricting total carbon to 160rtc pug/m3.
This is the way the standard is
expressed:

After January 19, 2006 any mine operator
covered by this part shall limit the
concentration of diesel particulate matter to
which miners are exposed in underground
areas of a mine by restricting the average
eight-hour equivalent full shift airborne
concentration of total carbon, where miners
normally work or travel, to 160 micrograms
per cubic meter of air (160rc pg/m3).

All underground metal and nonmetal
mines would be given a full five years
to meet this limit, which is referred to
in this preamble as the “final”
concentration limit. However, starting
July 19, 2002, underground metal and
nonmetal mines have to observe an
“interim” dpm concentration limit—
expressed as a restriction on the
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concentration of total carbon of 400
micrograms per cubic meter (400rc pg/
m3). The interim limit would bring the
concentration of whole dpm in
underground metal and nonmetal mines
to which miners are exposed down to
about 500 micrograms per cubic meter.
No limit at all on the concentration of
dpm is applicable for the first eighteen
months following promulgation.
Instead, this period would be used to
provide compliance assistance to the
metal and nonmetal mining community
to ensure it understands how to measure
and control diesel particulate matter
concentrations in individual operations.

In general, a mine operator has to use
engineering or work practice controls to
keep dpm concentrations below the
applicable limit. The use of
administrative controls (e.g., the
rotation of miners) is explicitly barred.
The use of personal protective
equipment (e.g., respirators) is also
explicitly barred except in two
situations noted below. An operator can
filter the emissions from diesel-powered
equipment, install cleaner-burning
engines, increase ventilation, improve
fleet management, or use a variety of
other readily available controls; the
selection of controls is left to the
operator’s discretion.

Special extension. The rule provides
that if an operator of a metal or
nonmetal mine can demonstrate that
there is no combination of controls that
can, due to technological constraints, be
implemented by January 19, 2006,
MSHA may approve an application for
an additional extension of time to
comply with the dpm concentration
limit. Such a special extension is
available only once, and is limited to 2
years. To obtain a special extension, an
operator must provide information in
the application adequate for MSHA to
ensure that the operator will: (a)
Maintain concentrations at the lowest
limit which is technologically
achievable; and (b) take appropriate
actions to minimize miner exposure
(e.g., provide suitable respiratory
protection during the extension period).

It is MSHA'’s intent that primary
responsibility for analysis of the
operator’s application for a special
extension will rest with MSHA'’s district
managers. District managers are the
most familiar with the conditions of
mines in their districts, and have the
best opportunity to consult with miners
as well. At the same time, MSHA
recognizes that district managers may
need assistance with respect to the latest
technologies and solutions being used
in similar mines elsewhere in the
country. Accordingly, the Agency
intends to establish within its Technical

Support directorate in Arlington, Va., a
special panel to consult on these issues,
to provide assistance to district
managers, and to give final approval of
any application for a special extension.

Special rule for employees engaged in
inspection, maintenance or repair
activities. The final rule provides that
with the advance approval of the
Secretary, employees engaged in such
activities may work in concentrations of
dpm exceeding the applicable
concentration limit. However, the
Secretary may only approve such work
under three circumstances: when the
activities are to be conducted are in
areas where miners work or travel
infrequently or for brief periods of time;
when the miners work exclusively
inside enclosed and environmentally
controlled cabs, booths and similar
structures with filtered breathing air; or
when the miners work in shafts,
inclines, slopes, adits, tunnels and
similar workings that are designated as
return or exhaust air courses and that
are used for access into the mine or
egress from the mine. Moreover, to
approve such an exception, the
Secretary must determine that it is not
feasible to reduce the concentration of
dpm in these areas, and that adequate
safeguards (including personal
protective equipment) will be employed
to minimize the dpm exposure of the
miners involved.

An operator plan providing such
details must be submitted; it is MSHA’s
intent to review these in the same
manner as applications for a special
extension. Such plans can only be
approved for one year, but may be
resubmitted each year.

Compliance determinations with
concentration limit. Measurements to
determine noncompliance with the dpm
concentration limit will be made
directly by MSHA, rather than having
the Agency rely upon operator samples.
Under the rule, a single Agency sample,
using the sampling and analytical
method prescribed by the rule, is
explicitly deemed adequate to establish
a violation.

The rule requires that if an
underground metal or nonmetal mine
exceeds the applicable limit on the
concentration of dpm, a diesel
particulate matter control plan must be
established and remain in effect for 3
years. The purpose of such plans is to
ensure that the mine has instituted
practices that will demonstrably control
dpm levels thereafter. Reflecting current
practices in this sector, the plan does
not have to be preapproved by MSHA.
The plan must include information
about the diesel-powered equipment in
the mine and applicable controls. The

rule requires operator sampling to verify
that the plan is effective in bringing
dpm levels down below the applicable
limit, using the same sampling and
analytical methods as MSHA, with the
records kept at the mine site with the
plan to facilitate review. Failure of an
operator to comply with the
requirements of the dpm control plan or
to conduct adequate verification
sampling is a violation of the rule;
MSHA is not be required to sample to
establish such a violation.

(B) Observe best practices. The rule
requires that operators observe the
following best practices to minimize the
dpm generated by diesel-powered
equipment in underground areas:

¢ Only low-sulfur (0.05% or less)
diesel fuel may be used. The rule does
not at this time require the use of ultra-
low sulfur fuel by the mining
community. MSHA is aware that the
Environmental Protection Agency
issued final regulations addressing
emissions standards (December 2000)
for new model year 2007 heavy-duty
diesel engines and the low-sulfur fuel
rule. The regulations require ultra-low
sulfur fuel be phased in during 2006—
2010.

¢ Only EPA-approved fuel additives
may be used.

e Approved diesel engines have to be
maintained in approved condition; the
emission related components of non-
approved engines have to be maintained
in accordance with manufacturer
specifications; and any installed
emission devices have to be maintained
in effective operating condition.

e Equipment operators are authorized
and required to tag equipment with
potential emissions-related problems,
and tagged equipment has to be
promptly referred for a maintenance
check by persons qualified by virtue of
training or experience to perform the
maintenance.

(C) Limit newly introduced engines to
those meeting basic emission standards.
The rule requires that, with the
exception of diesel engines used in
ambulances and fire-fighting equipment,
any diesel engines added to the fleet of
an underground metal or nonmetal mine
after January 19, 2001 must either be an
engine approved by MSHA under Part 7
or Part 36, or an engine meeting certain
EPA requirements on particulate matter
specified in the rule. Since not all
engines are MSHA approved, this
ensures a wide variety of choice in
meeting the engine requirements of this
rule.

(D) Provide annual training to miners
on dpm hazards and controls. Mines
using diesel-powered equipment must
annually train miners exposed to dpm
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in the hazards associated with that
exposure, and in the controls being used
by the operator to limit dpm
concentrations. An operator may
propose including this training in the
Part 48 training plan.

(E) Conduct sampling as often as
necessary to effectively evaluate dpm
concentrations at the mine. The purpose
of this requirement is to assure that
operators are familiar with current dpm
concentrations so as to be able to protect
miners. Since mine conditions vary,
MSHA is not requiring a specific
schedule for operator sampling, nor a
specific sampling method. The Agency
will evaluate compliance with this
sampling obligation by reviewing
evidence of operator compliance with
the concentration limit, as well as
information retained by operators about
their sampling. Consistent with the
statute, the rule requires that miners and
their representatives have the right to
observe any operator monitoring—
including any sampling required to
verify the effectiveness of a dpm control
plan.

Summary of Effective Dates. As of
March 20, 2001, operators must comply
with the requirement that new engines
added to a mine’s inventory be either
MSHA approved or meet the listed EPA
standards.

As of March 20, 2001, underground
metal and nonmetal mine operators
must comply with the requirement to
provide basic hazard training to miners
who are exposed underground to dpm
and the best practice requirements listed
above under (B).

As of July 19, 2002, underground
metal and nonmetal mine operators
must also comply with the interim dpm
concentration limit of 400 micrograms
of total carbon per cubic meter of air.

Finally, as of January 19, 2006, all
underground metal and nonmetal mines
have to comply with a final dpm
concentration limit.

MSHA intends to provide
considerable technical assistance and
guidance to the mining community
before the various requirements go into
effect, and be sure MSHA personnel are
fully trained in the requirements of the
rule. A number of actions have already
been taken toward this end. The Agency
held workshops on this topic in 1995
which provided the mining community
an opportunity to share advice on how
to control dpm concentrations. The
Agency has published a “toolbox” of
methods available to mining operators
to achieve reductions in dpm
concentration, often referred to during
the rulemaking proceedings. MSHA also
developed a computer spreadsheet
template which allows an operator to

model the application of alternative
engineering controls to reduce dpm,
which it has published in the literature
and disseminated to the mining
community. The Agency is committed
to issuing a compliance guide for mine
operators providing additional advice
on implementing the rule.

A note on surface mines. Surface
areas of underground mines, and surface
mines, are not covered by this rule. In
certain situations the concentrations of
dpm at surface mines may be a cause for
concern: e.g., production areas where
miners work in the open air in close
proximity to loader-haulers and trucks
powered by older, out-of-tune diesel
engines, shops, or other confined spaces
where diesel engines are running. The
Agency believes, however, that these
problems are currently limited and
readily controlled through education
and technical assistance. The Agency
would like to emphasize, however, that
surface miners are entitled to the same
level of protection as other miners; and
the Agency’s risk assessment indicates
that even short-term exposures to
concentrations of dpm like those
observed may result in serious health
problems. Accordingly, in addition to
providing education and technical
assistance to surface mines, the Agency
will also continue to evaluate the
hazards of diesel particulate exposure at
surface mines and will take any
necessary action, including regulatory
action if warranted, to help the mining
community minimize any hazards.

(2) Summary of MSHA’s Responses to
Several Fundamental Questions About
This Rule

During the rulemaking proceeding,
the mining community raised some
fundamental questions about: (A) The
need for the rule; (B) the ability of the
agency to accurately measure diesel
particulate matter (dpm) in
underground metal and nonmetal mine
environments; and (C) the feasibility of
the requirements for this sector of the
mining industry. MSHA gave serious
considerations to these questions, has
made some adjustments in the final rule
and its economic assessment as a result
thereof, and has provided detailed
responses in this preamble. These
responses are briefly summarized here.

(A) The need for the rule. MSHA has
to act in accordance with the
requirements of the Mine Safety and
Health Act. Section 101(a)(6)(A) of the
Act specifies that any health standard
must:

* * * [A]ldequately assure, on the basis of
the best available evidence, that no miner

will suffer material impairment of health or
functional capacity even if such miner has

regular exposure to the hazards dealt with by
such standard for the period of his working
life.

The Mine Act also specifies that the
Secretary of Labor (Secretary), in
promulgating mandatory standards
pertaining to toxic materials or harmful
physical agents, base such standards
upon:

* * * [R]esearch, demonstrations,
experiments, and such other information as
may be appropriate. In addition to the
attainment of the highest degree of health
and safety protection for the miner, other
considerations shall be the latest available
scientific data in the field, the feasibility of
the standards, and experience gained under
this and other health and safety laws.
Whenever practicable, the mandatory health
or safety standard promulgated shall be
expressed in terms of objective criteria and

of the performance desired. [Section
101(a)(6)(A)].

Thus, the Mine Act requires that the
Secretary, in promulgating a standard,
based on the best available evidence,
attain the highest degree of health and
safety protection for the miner with
feasibility a consideration. (More
information about what constitutes
“feasibility” is discussed below in item
Q).
In proposing this rule, MSHA sought
comment on its risk assessment, which
it published in full as part of the
preamble to the proposed rule. In that
risk assessment, the agency carefully
laid out the evidence available to it,
including shortcomings inherent in that
evidence. Although not required to do
so by law, MSHA had this risk
assessment independently peer
reviewed, and incorporated the
reviewers recommendations. The
reviewers stated that:

* * * principles for identifying evidence

and characterizing risk are thoughtfully set
out. The scope of the document is carefully
described, addressing potential concerns
about the scope of coverage. Reference
citations are adequate and up to date. The
document is written in a balanced fashion,
addressing uncertainties and asking for
additional information and comments as
appropriate. (Samet and Burke, Nov. 1997).

Based on the information in that risk
assessment, the agency made some
tentative conclusions. First, its tentative
conclusion that miners are exposed to
far higher concentrations of dpm than
anybody else. The agency noted that
median concentrations of dpm had been
observed in individual dieselized metal
and nonmetal underground mines up to
180 times as high as average
environmental exposures in the most
heavily polluted urban areas and up to
8 times as high as median exposures
estimated for the most heavily exposed
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workers in other occupational groups.
Moreover, MSHA noted its tentative
conclusion that exposure to high
concentrations of dpm can result in a
variety of serious health effects. These
health effects include: (i) Sensory
irritations and respiratory symptoms
serious enough to distract or disable
miners; (ii) premature death from
cardiovascular, cardiopulmonary, or
respiratory causes; and (iii) lung cancer.
After a review of all the evidence,
MSHA tentatively concluded that:

(1) The best available evidence is that
the health effects associated with
exposure to dpm can materially impair
miner health or functional capacity.

(2) At levels of exposure currently
observed in underground mining, many
miners are presently at significant risk
of incurring these material impairments
over a working lifetime.

(3) The reduction in dpm exposures
that is expected to result from
implementation of the rule proposed by
the agency for underground metal and
nonmetal mines would substantially
reduce the significant risks currently
faced by underground metal and
nonmetal miners exposed to dpm.

During the hearings and in written
comments, some representatives of the
mining industry raised a number of
objections to parts of MSHA’s proposed
risk assessment, thus questioning the
scientific basis for this rulemaking. It
has been asserted that MSHA’s
observations of dpm concentrations in
underground metal and nonmetal mines
do not accurately represent exposures in
the industry. It has been asserted that if
dpm concentrations are not this high in
general, or only on an intermittent basis,
then the agency is incorrect in
determining that the conditions in these
mines put miners at significant risk of
material impairment of their health.
Moreover it has been asserted that there
is insufficient evidence to establish a
causal connection between dpm
exposure and significant adverse health
effects, that the agency has no hard
evidence that reducing exposures to a
particular level will in fact reduce the
risks, and that it has no rational basis for
selecting the concentration limit it did.
In addition, it has been asserted that the
risks of dpm exposure at any level are
not well enough established to provide
the basis for regulation at this time, and
that action should be postponed
pending the completion of various
studies now underway that might shed
more light on these risks.

MSHA has carefully evaluated all of
these comments, and the evidence
submitted in support of these positions.
The agency’s risk assessment has been
modified as a result.

Exposures of underground metal and
nonmetal miners. MSHA has clarified
the charts of exposure measurements in
Part III of this preamble to ensure that
they fully reflect all studies in the
record.

MSHA has not and does not claim
that the actual exposure measurements
in the record are a random or fully
representative sample of the industry.
What they do show is that exposures far
higher than those which have been
observed in other industries can and do
occur in an underground mining
environment.

Moreover, MSHA also placed into the
record of the proposed rule several
studies it had recently conducted in
which dpm concentrations for several
underground metal and nonmetal mines
were estimated based upon the actual
equipment and dpm controls currently
available in those mines. Those
simulations were performed using a
software tool known as the Estimator
(described in detail in an appendix to
Part V of the preamble of the proposed
rule, and since published in the
literature (Haney and Saseen, April
2000). These studies of specific mines
demonstrated that the type of
equipment found in such mines, even
after the application of current
ventilation and controls, can be
expected to produce localized high
concentrations of dpm. The agency
acknowledged that these simulations
were conducted in mines that were not
typical for the industry (they were
chosen because the agency thought dpm
concentrations might be particularly
difficult to control in these mines,
which turned out not to be the case);
nevertheless, they indicate what is
likely to be the case in at least some
sections of many underground metal
and nonmetal mines. To the extent that
an individual mine has no covered
mining areas with concentrations higher
than those observed in other industries,
it will not be impacted by the
concentration limit established through
this rulemaking. That is because the rule
does not eliminate exposures, or even to
reduce them to a safe level, but only to
reduce them to the levels observed in
other industries.

The nature of risks associated with
dpm exposure. Although there were
some commenters who suggested that
symptoms reported by miners working
around diesel equipment might be due
to the gases present rather than dpm,
there was nothing in the comments that
changed MSHA'’s conclusions about the
health problems associated with dpm
exposure.

There are a number of studies
quantifying significant adverse health

effects—as measured by lost work days,
hospitalization and increased mortality
rates—suffered by the general public
when exposed to concentrations of fine
particulate matter like dpm far lower
than concentrations to which some
miners are exposed. The evidence from
these fine particulate studies was the
basis for recent rulemaking by the
Environmental Protection Agency ! to
further restrict the exposure of the
general public to fine particulates, and
the evidence was given very widespread
and close scrutiny before that action
was made final. Of particular interest to
the mining community is that these fine
particulate studies indicate that smokers
and those who have pre-existing
pulmonary problems are particularly at
risk. Many individual miners in fact
have such pulmonary problems and are
especially susceptible to the adverse
health effects of inhaling fine particles.

Although no epidemiological study is
flawless, numerous epidemiological
studies have shown that long term
exposure to diesel exhaust in a variety
of occupational circumstances is
associated with an increased risk of lung
cancer. With only rare exceptions,
involving relatively few workers and/or
observation periods too short to reliably
detect excess cancer risk, the human
studies have consistently shown a
greater risk of lung cancer among
workers exposed to dpm than among
comparable unexposed workers. When
results from the human studies are
combined, the risk is estimated to be
30—40 percent greater among exposed
workers, if all other factors (such as
smoking habits) are held constant. The
consistency of the human study results,
supported by experimental data
establishing the plausibility of a causal
connection, provides strong evidence
that chronic dpm exposure at high
levels significantly increases the risk of
lung cancer in humans.

Moreover, all of the occupational
studies indicating an increased
frequency of lung cancer among workers
exposed to dpm involved exposure
levels estimated, on average, to be far
below levels observed in underground
mines. Except for miners, the workers

1The basis for the PM> s NAAQS was a large body
of scientific data indicating that particles in this
size range are responsible for the most serious
health effects associated with particulate matter.
The evidence was thoroughly reviewed by a
number of scientific panels through an extended
process. The proposed rule resulted in considerable
public attention, and hearings by Congress, in
which the scientific evidence was further
discussed. Moreover, challenges to the EPA’s
determination that this size category warranted
rulemaking were rejected by a three-judge panel of
the DC Circuit Court. (ATA v. EPA, 175 F.3d 1027,
D.C. Circuit 1999).
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included in these studies were exposed
to average dpm levels below the limit
established by this rule.

As noted in Part III, MSHA views
extrapolations from animal experiments
as subordinate to results obtained from
human studies. However, it is
noteworthy that dpm exposure levels
recorded in some underground mines
have been of the same order of
magnitude that produced tumors in rats.

Based on the scientific data available
in 1988, the National Institute for
Occupational Safety and Health
(NIOSH) identified dpm as a probable or
potential human carcinogen and
recommended that it be controlled.
Other organizations have made similar
recommendations. Most recently, the
National Toxicology Program listed dpm
as ‘“‘reasonably anticipated to be a
human carcinogen” in the Ninth Edition
(Year 2000) of the National Report on
Carcinogens.

The relationship between exposures
and risks. Commenters noted MSHA'’s
caution about trying to define a
quantitative relationship between dpm
exposure and particular health
outcomes. They roundly attacked the
agency’s benefit analysis and a NIOSH
paper reviewing quantification efforts as
implying that such a relationship could
be established in a valid way.

As MSHA acknowledged in the
preamble to the proposed rule, the
scientific community has not yet widely
accepted any exposure-response
relationship between the amount of
dpm exposure and the likelihood of
adverse health outcomes (63FR 58167).
There are, however, two lung cancer
studies in the record that show
increasing risk of lung cancer with
increasing levels of dpm exposure.
Quantitative results from these studies,
both conducted specifically on
underground miners, can be used to
estimate the reduction in lung cancer
risk expected when dpm exposure is
reduced in accordance with this rule.
Depending on the study and method of
statistical analysis used, these estimates
range from 68 to 620 lung cancer deaths
prevented, over an initial 65-year
period, per 1000 affected miners with
lifetime (45-year) exposure to dpm.

NIOSH and the National Cancer
Institute (NCI) are collaborating on a
cancer mortality study designed to
provide additional information in this
regard. The study is projected to take
about seven years.

Notwithstanding this situation,
MSHA believes the Agency is required
under its statute to take action now to
protect miners’ health. As noted by the
Supreme Court in an important case on
risk involving the Occupational Safety

and Health Administration, the need to
evaluate risk does not mean an agency
is placed into a “‘mathematical
straightjacket.” Industrial Union
Department, AFL-CIO v. American
Petroleum Institute, 448 U.S. 607, 100
S.Ct. 2844 (1980). The Court noted that
when regulating on the edge of scientific
knowledge, absolute scientific certainty
may not be possible, and:

so long as they are supported by a body of
reputable scientific thought, the Agency is
free to use conservative assumptions in
interpreting the data * * * risking error on
the side of overprotection rather than
underprotection. (Id. at 656).

This advice has special significance for
the mining community, because a
singular historical factor behind the
enactment of the current Mine Act was
the slowness of the mining community
in coming to grips with the harmful
effects of other respirable dust (coal
dust).

It is worth noting that while the
cohort selected for the NIOSH/NCI
study consists of underground miners
(specifically, underground metal and
nonmetal miners), this choice is in no
way linked to MSHA'’s regulatory
framework or to miners in particular.
This cohort was selected for the study
because it provides the best population
for scientists to study. For example, one
part of the study would compare the
health experiences of miners who have
worked underground in mines with long
histories of diesel use with the health
experiences of similar miners who work
in surface areas where exposure is
significantly lower. Since the general
health of these two groups is very
similar, this will help researchers to
quantify the impacts of diesel exposure.
No other population is likely to be as
easy to study for this purpose. But as
with any such epidemiological study,
the insights gained are not limited to the
specific population used in the study.
Rather, the study will provide
information about the relationship
between exposure and health effects
that will be useful in assessing the risks
to any group of workers in a dieselized
industry.

Because of the lack of a generally
accepted dose-response relationship,
some commenters questioned the
agency’s rationale in picking a
particular concentration limit: 160tc pug/
m3 or around 200ppm [g/m3. Capping
dpm concentrations at this level will
eliminate the worst mining exposures,
and bring miner exposures down to a
level commensurate with those reported
for other groups of workers who use
diesel-powered equipment. The
proposed rule would not bring

concentrations down as far as the
proposed ACGIH TLVR of 150ppm Ug/
m3. Nor does MSHA'’s risk assessment
suggest that the proposed rule would
completely eliminate the significant
risks to miners of dpm exposure.

In setting the concentration limit at
this particular value, the Agency is
acting in accord with its statutory
obligation to attain the highest degree of
safety and health protection for miners
that is feasible. The Agency’s risk
assessment supports reduction of dpm
to the lowest level possible. But
feasibility considerations dictated
proposing a concentration limit that
does not completely eliminate the
significant risks that dpm exposure
poses to miners.

The Agency specifically explored the
implications of requiring mines in this
sector to comply with a lower
concentration limit than that being
adopted. The results, discussed in Part
V of this preamble, indicate that
although the matter is not free from
question, it still may not be feasible at
this time for the underground metal and
nonmetal mining industry as a whole to
comply with a significantly lower limit
than that being adopted. The Agency
notes that since this rulemaking was
initiated, the efficiency of hot gas filters
has improved significantly, the dpm
emissions from new engines continue to
decline under EPA requirements, and
the availability of ultra-low sulfur fuel
should make controls even more
efficient than at present.

The agency also explored the idea of
bridging the gap between risk and
feasibility by establishing an “action
level”. In the case of MSHA’s noise rule,
for example, MSHA adopted a
“permissible exposure level” of a time-
weighted 8-hour average (TWAg) of 90
dBA (decibels, A-weighted), and an
“action level” of half that amount—a
TWAs of 85 dBA. In that case, MSHA
determined that miners are at significant
risk of material harm at a TWAg of 85
dBA, but technological and feasibility
considerations preclude the industry as
a whole, at this time, below a TWAg of
90 dBA. Accordingly, to limit miner
exposure to noise at or above a TWAg
of 85 dBA, MSHA requires that mine
operators must take certain actions that
are feasible (e.g., provide hearing
protectors).

MSHA considered the establishment
of a similar ““action level” for dpm—
probably at half the proposed
concentration limit, or 80rtc pug/m3.
Under such an approach, mine
operators whose dpm concentrations are
above the “action level” would be
required to implement a series of “‘best
practices”—e.g., limits on fuel types,
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idling, and engine maintenance. Only
one commenter supported the creation
of an Action Level for dpm. However,
this commenter suggested that such an
Action Level be adopted in lieu of a rule
incorporating a concentration limit
requiring mandatory compliance. The
agency determined it is feasible for the
entire underground mining community
to implement these best practices to
minimize the risks of dpm exposure
without the need for a trigger at an
Action Level.

Some of the comments suggesting that
the agency had no rational basis for
setting the exposure limit at 160rc pg/
m3 seem to suggest that the statute itself
does not provide the Agency with
adequate guidance in this regard. The
Agency recognizes that the Supreme
Court has scheduled argument on a case
that raises the question of how specific
a regulatory statute must be with respect
to how an agency must make standards
determinations in order to be deemed a
constitutional delegation of authority
from the Congress. A decision is not
expected until 2001. However, unless
and until determined otherwise, MSHA
presumes the Mine Act does pass
constitutional muster in this regard,
consistent with the existing case law
concerning the very similar
Occupational Safety and Health Act.

(B) The ability of the agency to
accurately measure diesel particulate
matter (dpm) in underground metal and
nonmetal mine environments. As MSHA
noted in the preamble to the proposed
rule, there are a number of methods
which can measure dpm concentrations
with reasonable accuracy when it is at
high concentrations and when the
purpose is exposure assessment.
Measurements for the purpose of
compliance determinations must be
more accurate, especially if they are to
measure compliance with a dpm
concentration of 200ppm pg/m3 or lower.
Accordingly, MSHA noted that it
needed to address a number of
questions as to whether such any
existing method could produce
accurate, reliable and reproducible
results in the full variety of
underground mines, and whether the
infrastructure (samplers and
laboratories) existed to support such
determinations. (See 63 FR 58127 et
seq.).
MSHA concluded that there was no
method suitable for such compliance
measurements in underground coal

mines, due to the inability of the
available methods to distinguish
between dpm and coal dust.
Accordingly, the agency developed a
rule for the coal mining sector that does
not depend upon ambient dpm
measurements.

By contrast, the agency tentatively
concluded that by using a sampler
developed by the Bureau of Mines, and
an analytical method developed by the
National Institute for Occupational
Safety and Health (NIOSH) to detect the
total amount of carbon in a sample,
MSHA could accurately measure dpm
levels at the required concentrations in
underground metal and nonmetal
mines. While not requiring operators to
use this method for their own sampling,
MSHA did commit itself through
provisions of the proposed rule to use
this approach (or a method
subsequently determined by NIOSH to
provide equal or improved accuracy) for
its own sampling. Moreover the agency
proposed that MSHA sampling be the
sole basis upon which determinations
would be made of compliance by metal
and nonmetal mine operators with
applicable compliance limits, and that a
single sample would be adequate for
such purposes. Specifically, proposed
§57.5061 provided as follows:

§57.5061

(a) A single sample collected and analyzed
by the Secretary in accordance with the
procedure set forth in paragraph (b) of this
section shall be an adequate basis for a
determination of noncompliance with an
applicable limit on the concentration of
diesel particulate matter pursuant to
§57.5060.

(b) The Secretary will collect and analyze
samples of diesel particulate matter by using
the method described in NIOSH Analytical
Method 5040 and determining the amount of
total carbon, or by using any method
subsequently determined by NIOSH to
provide equal or improved accuracy in mines
subject to this part.

This part of MSHA'’s proposed rule
received considerable comment. Some
commenters challenged the accuracy,
precision and sensitivity of NIOSH
Analytical Method 5040. Some
challenged whether the amount of total
carbon determined by the method is a
reliable way to determine the amount of
dpm. Others questioned whether the
sampler developed by the Bureau of
Mines would provide an accurate
sample to be analyzed, and whether
such samplers and analytical
procedures would be commercially

Compliance Determinations

available. Commenters also questioned
the use of a single sample as the basis
for a compliance determination, and the
use of area sampling in compliance
determinations. These comments are
addressed elsewhere in this preamble
(section 3 of Part II, and in connection
with section 5061 in Part IV).

Here, MSHA summarizes its views on
the most common assertion made by
commenters: that the sampling and
analytical methods the agency proposed
to use are not able to distinguish
between dpm and various other
substances in the atmosphere of
underground metal and nonmetal
mines—carbonates and carbonaceous
minerals, graphitic materials, oil mists
and organic vapors, and cigarette smoke.

Interferences: what MSHA said in
preamble to proposed rule. In the
preamble to the proposed rule, MSHA
recognized that there might be some
interferences from other common
organic carbon sources in underground
metal and nonmetal mines: specifically,
oil mists and cigarette smoke. The
agency noted it had no data on oil mists,
but had not encountered the problem in
its own sampling. With respect to
cigarette smoke, the agency noted that:
“Cigarette smoke is under the control of
operators, during sampling times in
particular, and hence should not be a
consideration.” (63FR 58129)

The agency also discussed the
potential advantages and disadvantages
of using a special device on the
sampler—a submicron impactor—to
eliminate certain other possible
interferences (See Figure I-1). The
submicron impactor stops particles
larger than a micron from being
collected by the sampler, while allowing
the smaller dpm to be collected. Thus,
an advantage of using the impactor
would be to ensure that the sampler was
not inadvertently collecting materials
other than dpm. However MSHA
pointed out that while samples in
underground metal and nonmetal mines
could be taken with a submicrometer
impactor, this could lead to
underestimating the total amount of
dpm present (63FR 58129). This is
because the fraction of dpm particles
greater than 1 micron in size in the
environment of noncoal mines can be as
great as 20% (Vuk, Jones, and Johnson,
1976).

BILLING CODE 4510-43-P
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Interferences: comments and MSHA
efforts to verify. Many commenters
asserted that no matter how it is
performed in underground metal and
nonmetal mines, the sampling and
analysis proposed by MSHA to
determine the amount of diesel
particulate present would suffer from
one or more of the aforementioned
interferences. A number asserted that
their own measurements using this
approach provided clear evidence of
such interferences. Although MSHA
repeatedly asked for actual data and
information about the procedures used
to verify these assertions, very little was
provided. Nevertheless, rather than
conclude that these assertions were
baseless, MSHA decided to attempt to
verify these assertions itself.
Accordingly, appropriate field and
laboratory measurements were
conducted toward this end, the results
written up in appropriate fashion, and
added to the record of this rulemaking.
The agency has taken those results into
account in ascertaining what weight to
give to the assertions made by
commenters and how to deal with those
assertions supported by its
measurements.

As described in detail in section 3 of
Part II, MSHA’s verifications
demonstrate that the submicron
impactor can eliminate any
interferences from carbonates,
carbonaceous minerals, and graphitic
ores. Accordingly, although use of the
impactor will result in an undercount of
dpm, the final rule provides that MSHA

will always use the submicron impactor
in compliance sampling.

MSHA'’s verifications also
demonstrated that oil mists as well as
cigarette smoke, can in fact, under
certain circumstances, create
interferences even with the use of the
impactor. MSHA presumes the same
would happen with organic vapors. The
verifications demonstrated that the
problems occur in the immediate
vicinity of the interferent (e.g., close to
a drill or smoker). However, the
verifications also demonstrated that the
interference dissipates when the
sampling device is located a certain
distance away from the interferent.

Accordingly, as detailed in the
discussion of section 5061 in Part IV of
this preamble, MSHA’s sampling
strategy for dpm will take these
problems into account. For example, if
a miner works in an enclosed cab all
day and smokes, MSHA will not place
a sampler in that cab or on that miner.
If a miner works part of a day drilling,
MSHA will not place a sampler on that
miner. But MSHA can, for example, take
an area sample in an area of a mine
where drilling is being performed
without concern about interferences
from oil mists if it locates the sampler
far enough away from the drill. MSHA’s
compliance manual will provide
specific instructions to inspectors on
how to avoid interferences.

The organic interferences (diesel mist,
smoking) could be avoided by only
analyzing a sample for elemental
carbon, pursuant to the NIOSH method.
As it indicated in the preamble to the

proposed rule, however, MSHA does
not at this time know the ratio between
the amount of elemental carbon and the
amount of dpm. Accordingly, rather
than deal with the uncertainties in all
samples which this approach would
present, MSHA 1is going to use a method
(i.e., sampling and analyzing for both
organic carbon and elemental carbon)
that, if properly applied, provides
accurate results.

(C) The feasibility of the requirements
for this sector of the mining industry.
The Mine Act generally requires MSHA
to set the standard that is most
protective of miner health while still
being technologically and economically
feasible. In addition, consistent with the
Regulatory Flexibility Act, the agency
pays particular attention to the impact
of any standard on small mining
operations.

(1) Technological feasibility of the
rule. It has been clear since the
beginning of this rulemaking that if
technological feasibility was an issue, it
would be in the context of requiring all
underground metal and nonmetal mines
to meet a particular limit. While the
Mine Act does not require that each
mine be able to meet a standard for it
to be considered technologically
feasible—only that the standard be
feasible for the industry as a whole—the
extent to which various mines might
have a problem complying is the
evidence upon which this conclusion
must be based.

Accordingly, MSHA evaluated the
technological feasibility of the
concentration limit in the underground



Federal Register/Vol. 66, No. 13/Friday, January 19, 2001/Rules and Regulations

5713

metal and nonmetal sector by evaluating
whether it was possible, using a
combination of existing control
approaches, to reach the concentration
limit even in situations in which the
Agency’s engineers determined that
compliance might be the most difficult.
In this regard, the Agency examined
how emissions generated by the actual
equipment in four different
underground mining operations could
be controlled. The mines were very
diverse—an underground limestone
mine, an underground (and underwater)
salt mine, and an underground gold
mine. Yet in each case, the analysis
revealed that there are available
combinations of controls that can bring
dpm concentrations down to well below
the final limit—even when the controls
that needed to be purchased were not as
extensive as those which the Agency is
assuming will be needed in determining
the costs of the final rule. (The results
of these analyses are discussed in Part
V of the preamble, together with the
methodology used in modeling the
results—just as they were discussed in
the preamble accompanying the
proposed rule.) As a result of these
studies, the Agency has concluded that
there are engineering and work practice
controls available to bring dpm
concentrations in all underground metal
and nonmetal mines down to the
required levels.

The best actions for an individual
operator to take to come into
compliance with the interim and final
concentration limits will depend upon
an analysis of the unique conditions at
the mine. The final rule provides 18
months after it is promulgated for
MSHA to provide technical assistance to
individual mine operators. It also gives
all mine operators in this sector an
additional three and a half years to bring
dpm concentrations down to the
proposed final concentration limit—
using an interim concentration limit
during this time which the Agency is
confident every mine in this sector can
timely meet. And the rule provides an
opportunity for a special extension for
an additional two years for mines that
have unique technological problems
meeting the final concentration limit.

As noted during 1995 workshops co-
sponsored by MSHA on methods for
controlling diesel particulate, many
underground metal and nonmetal mine
operators have already successfully
determined how to reduce diesel
particulate concentrations in their
mines. MSHA has disseminated the
ideas discussed at these workshops to
the entire mining community in a
publication, “Practical Ways to Control
Exposure to Diesel Exhaust in Mining—

a Toolbox”. The control methods are
divided into eight categories: use of low
emission engines; use of low sulfur fuel;
use of aftertreatment devices; use of
ventilation; use of enclosed cabs; diesel
engine maintenance; work practices and
training; fleet management; and
respiratory protective equipment.
Moreover, MSHA designed a model in
the form of a computer spreadsheet that
can be used to simulate the effects of
various controls on dpm concentrations.
(This model is discussed in Part V of the
preamble.) This makes it possible for
individual underground mine operators
to evaluate the impact on diesel
particulate levels of various
combinations of control methods, prior
to making any investments, so each can
select the most feasible approach for his
or her mine.

(2) Economic Feasability of the Rule.
The underground metal and nonmetal
industry uses a lot of diesel-powered
equipment, and it is widely distributed.
Accordingly, MSHA recognizes that the
costs of bringing mines into compliance
with this rule will be widely felt in this
sector (although, unlike underground
coal mines, this sector did not have to
comply with MSHA’s 1996 diesel
equipment rule).

In summary, the costs per year to the
underground metal and nonmetal
industry are about $25.1 million. The
cost for an average underground metal
and nonmetal mine is expected to be
about $128,000 annually.

The Agency’s initial cost estimates of
$19.2 million a year were challenged
during the rulemaking proceeding. As a
result, the Agency reconsidered the
costs.

In its initial estimate of the costs for
the industry to comply with the
concentration limit, MSHA assumed
that a variety of engineering controls,
such as low emission engines, ceramic
filters, oxidation catalytic converters,
and cabs would be needed on diesel
powered equipment. Most of the
engineering controls would be needed
on diesel equipment used for
production, while a small amount of
diesel equipment that is used for
support purposes would need
engineering controls. In addition to
these controls, MSHA assumed that
some underground metal and nonmetal
mines would need to make ventilation
changes in order to meet the proposed
concentration limits.

Specifically, in the PREA, MSHA
assumed that: (1) the interim standard
would be met by replacing engines,
installing oxidation catalytic converters,
and improving ventilation; and (2) the
final standard would be met by adding
cabs and filters. Comments on the PREA

and data collected by the Agency since
publication of the proposed rule
indicate that engine replacement is
more expensive than originally thought
and filters are more effective relative to
engine replacement. The revised
compliance strategy, upon which MSHA
bases its revised estimates of
compliance costs, reverses the two most
widely used measures. MSHA now
anticipates that: (1) the interim standard
will be met with filters, cabs, and
ventilation; and (2) the final standard
will be met with more filters,
ventilation, and such turnover in
equipment and engines as will have
occurred in the baseline. This new
approach uses the same toolbox and
optimization strategy that was used in
the PREA. Since relative costs are
different, however, the tools used and
cost estimated are different.

(3) Impact on small mines. As
required by the Regulatory Flexibility
Act, MSHA has performed a review of
the effects of the proposed rule on
“small entities”.

The Small Business Administration
generally considers a small mining
entity to be one with less than 500
employees. MSHA has traditionally
defined a small mine to be one with less
than 20 miners, and has focused special
attention on the problems experienced
by such mines in implementing safety
and health rules. Accordingly, MSHA
has separately analyzed the impact of
the rule on three categories of mines:
large mines (more than 500 employees),
middle size mines (20-500 employees),
and small mines (those with less than
20 miners).

As required by law, MSHA has also
developed a preliminary and final
regulatory flexibility analysis. The
Agency published its preliminary
Regulatory Flexibility Analysis with its
proposed rule and specifically requested
comments thereon; the agency’s final
Regulatory Flexibility Analysis is
included in the Agency’s REA. In
addition to a succinct statement of the
objectives of the rule and other
information required by the Regulatory
Flexibility Act, the analysis reviews
alternatives considered by the Agency
with an eye toward the nature of small
business entities.

In promulgating standards, MSHA is
required to protect the health and safety
of all the Nation’s miners and may not
include provisions that provide less
protection for miners in small mines
than for those in larger mines. But
MSHA does consider the impact of its
standards on even the smallest mines
when it evaluates the feasibility of
various alternatives. For example, a
major reason why MSHA concluded it
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needed to stagger the effective dates of
some of the requirements in the rule is
to ensure that it would be feasible for
the smallest mines to have adequate
time to come into compliance.

MSHA recognizes that smaller mines
may need particular assistance from the
agency in coming into compliance with
this standard. Before the dpm
concentration goes into effect in 18
months, the Agency plans to provide
extensive compliance assistance to the
mining community. The metal and
nonmetal community will also have an
additional three and a half years to
comply with the final concentration
limit, which in many cases means these
mines may have a full five years of
technical assistance before any
engineering controls are required.
MSHA intends to focus its efforts on
smaller operators in particular—training
them in measuring dpm concentrations,
and providing technical assistance on
available controls. The Agency will also
issue a compliance guide, and continue
its current efforts to disseminate
educational materials and software.

(4) Benefits of the final rule Benefits
of the rule include reductions in lung
cancer. In the long run, as the mining
population turns over, MSHA estimates
that a minimum of 8.5 lung cancer
deaths will be avoided per year.2

Benefits of the rule will also include
reductions in the risk of death from
cardiovascular, cardiopulmonary, or
respiratory causes and in sensory
irritation and respiratory symptoms.
MSHA does not believe that the
available data can support reliable or
precise quantitative estimates of these
benefits. Nevertheless, the expected
reductions in the risk of death from
cardiovascular, cardiopulmonary, or
respiratory causes appear to be
significant, and the expected reductions
in sensory irritation and respiratory
symptoms appear to be rather large.

II. General Information

This part provides the context for this
preamble. The nine topics covered are:

(1) The role of diesel-powered
equipment in underground metal and
nonmetal mining in the United States;

(2) The composition of diesel exhaust
and diesel particulate matter (dpm);

(3) The sampling and analytical
techniques for measuring ambient dpm
in underground metal and nonmetal
mines;

2This lower bound figure could significantly
underestimate the magnitude of the health benefits.

(4) Limiting the public’s exposure to
diesel and other final particulates—
ambient air quality standards;

(5) The effects of existing standards—
MSHA standards on diesel exhaust
gases (CO, CO», NO, NOy, and SO), and
EPA diesel engine emission standards—
on the concentration of dpm in
underground metal and nonmetal
mines;

(6) Methods for controlling dpm
concentrations in underground metal
and nonmetal mines;

(7) MSHA'’s approach to diesel safety
and health in underground coal mines
and its effect on dpm;

(8) Information on how certain states
are restricting occupational exposure to
dpm; and

(9) A history of this rulemaking.

Material on these subjects which was
available to MSHA at the time of the
proposed rulemaking was included in
Part II of the preamble that accompanied
the proposed rule. (63 FR 58123 et seq).
Portions of that material relevant to
underground metal and nonmetal mines
is reiterated here (although somewhat
reorganized), and the material is
amended and supplemented where
appropriate as a result of comments and
additional information added to the
record since the proposal was
published.

(1) The Role of Diesel-Powered
Equipment in Underground Metal and
Nonmetal Mining in the United States

Diesel engines, first developed about
a century ago, now power a full range
of mining equipment in underground
metal and nonmetal mines, and are used
extensively in this sector. This sector’s
reliance upon diesel engines to power
equipment in underground metal and
nonmetal mines appears likely to
continue for some time.

Historical Overview of Diesel Power
Use in Mining. As discussed in the
notice of proposed rulemaking, the
diesel engine was developed in 1892 by
the German engineer Rudolph Diesel. It
was originally intended to burn coal
dust with high thermodynamic
efficiency. Later, the diesel engine was
modified to burn middle distillate
petroleum (diesel fuel). In diesel
engines, liquid fuel droplets are injected
into a prechamber or directly into the
cylinder of the engine. Due to
compression of air in the cylinder the
temperature rises high enough in the
cylinder to ignite the fuel.

The first diesel engines were not
suited for many tasks because they were

For example the estimate based on the mean value

too large and heavy (weighing 450 lbs.
per horsepower). It was not until the
1920’s that the diesel engine became an
efficient lightweight power unit. Since
diesel engines were built ruggedly and
had few operational failures, they were
used in the military, railway, farm,
construction, trucking, and busing
industries. The U.S. mining industry
was slow, however, to begin using these
engines. Thus, when in 1935 the former
U.S. Bureau of Mines published a
comprehensive overview on metal mine
ventilation (McElroy, 1935), it did not
even mention ventilation requirements
for diesel-powered equipment. By
contrast, the European mining
community began using these engines in
significant numbers, and various reports
on the subject were published during
the 1930’s. According to a 1936
summary of these reports (Rice, 1936),
the diesel engine had been introduced
into German mines by 1927. By 1936,
diesel engines were used extensively in
coal mines in Germany, France, Belgium
and Great Britain. Diesel engines were
also used in potash, iron and other
mines in Europe. Their primary use was
in locomotives for hauling material.

It was not until 1939 that the first
diesel engine was used in the United
States mining industry, when a diesel
haulage truck was used in a limestone
mine in Pennsylvania, and not until
1946 was a diesel engine used in a coal
mine. Today, however, diesel engines
are used to power a wide variety of
equipment in all sectors of U.S. mining.
Production equipment includes vehicles
such as haultrucks and shuttle cars,
front-end loaders, hydraulic shovels,
load-haul-dump units, face drills, and
explosives trucks. Diesel engines are
also used in support equipment
including generators and air
compressors, ambulances, fire trucks,
crane trucks, ditch diggers, forklifts,
graders, locomotives, lube units,
personnel carriers, hydraulic power
units, longwall component carriers,
scalers, bull dozers, pumps (fixed,
mobile and portable), roof drills,
elevating work platforms, tractors,
utility trucks, water spray units and
welders.

Current Patterns of Diesel Power Use
in Underground Metal and Nonmetal
Mining. Table II-1 provides information
on the current utilization of diesel
equipment in underground metal and
nonmetal mines.

of all the studies examined is 49 lung cancer deaths
avoided per year.
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TABLE |I-1.—DIESEL EQUIPMENT IN UNDERGROUND METAL AND NONMETAL MINES

: . Number of under- | Number of mines Number of En-
Mine size ground mines A with diesels B gines B
134 77 584
130 119 3,414
264 196 3,998

(A) Number of underground mines is based on those reporting operations for FY1999 (preliminary data).
(B) Number of mines using diesels are based on January 1998 count, by MSHA inspectors, of underground metal and nonmetal mines that
used diesel powered equipment, and the number of engines (the latter rounded to the nearest 25) was determined in the same count with ref-

erence to equipment normally in use.

(C) A “small” mine is one with less than 20 miners.

As noted in Table II-1, a majority of
underground metal and nonmetal mines
use diesel-powered equipment.

Diesel engines in metal and nonmetal
underground mines, and in surface coal
mines, range up to 750 HP or greater,
although equipment size, and thus the
size of the engine, can be limited by
production requirements, the
dimensions of mine openings, and other
factors. By contrast, in underground
coal mines, the average engine size is
less than 150 HP. The reason for this
disparity is the nature of the equipment
powered by diesel engines. In
underground metal and nonmetal
mines, and surface mines, diesel
engines are widely used in all types of
equipment—both the equipment used
under the heavy stresses of production
and the equipment used for support. In
underground metal and nonmetal
mines, of the approximate 4,000 pieces
of diesel equipment normally in use,
about 1,800 units are used for loading
and hauling. By contrast, the great
majority of the diesel usage in
underground coal mines is in support
equipment.

This fact is significant for dpm control
in underground metal and nonmetal
mines. As the horsepower size of the
engine increases, the mass of dpm
emissions produced per hour increases.
(A smaller engine may produce the
same or higher levels of particulate
emissions per volume of exhaust as a
large engine, but the mass of particulate
matter increases with the engine size).
Accordingly, as engine size increases,
control of emissions may require
additional efforts.

Another factor relevant to control of
dpm emissions in this sector is that
fewer than 15 underground metal and
nonmetal mines are required to use Part
36 permissible equipment because of
the possibility of the presence of
explosive mixtures of methane and air.
The surface temperature of diesel
powered equipment in underground
metal and nonmetal mines classified as
gassy must be controlled to less than
400°F. Such mines must use equipment
approved as permissible under Part 36

if the equipment is utilized in areas
where permissible equipment is
required. These gassy metal and
nonmetal mines have been using the
same permissible engines and power
packages as those approved for
underground coal mines. (MSHA has
not certified a diesel engine exclusively
for a Part 36 permissible machine for the
metal and nonmetal sector since 1985
and has certified only one permissible
power package; however, that engine
model has been retired and is no longer
available as a new purchase to the
industry). As a result, engine size (and
thus dpm production of each engine) is
more limited in these mines, and, as
explained in section 6 of this part, the
exhaust from these engines is cool
enough to add a paper type of filtration
device directly to the equipment.

By contrast, since in nongassy
underground metal and nonmetal mines
mine operators can use conventional
construction equipment in their
production sections without the need
for modifications to the machines, they
tend to do so. Two examples are haulage
vehicles and front-end loaders. As a
result, these mines can and do use
engines with larger horsepower and hot
exhaust. As explained in section 6 of
this part, the exhaust from such engines
must be cooled by a wet or dry device
before a paper filter can be used, or high
temperature filters (e.g., ceramics) must
be used.

At this time, diesel power faces little
competition from other power sources
in underground metal and nonmetal
mines. As can be seen from the chart,
there are some small metal and
nonmetal mines (less than 20
employees) which do not use diesel-
powered equipment; most of these used
compressed air for drilling and battery-
powered rail equipment for haulage.

It is unclear at tﬁis time, how quickly
new ways to generate energy to run
mobile vehicles will be available for use
in a wide range of underground metal
and nonmetal mining activities. New
hybrid electric automobiles are being
introduced this year by two
manufacturers (Honda and Toyota);

such vehicles combine traditional
internal combustion power sources (in
this case gasoline) with electric storage
and generating devices that can take
over during part of the operating period.
By reducing the time the vehicle is
directly powered by combustion, such
vehicles reduce emissions. Further
developments in electric storage devices
(batteries), and chemical systems that
generate electricity (fuel cells) are being
encouraged by government-private
sector partnerships. For further
information on recent developments,
see the Department of Energy alternative
fuels web site at http://
www.afdc.doe.gov/altfuels.html, and
“The Future of Fuel Cells” in the July
1999 issue of Scientific American. Until
such new technologies mature, are
available for use in large equipment,
and are reviewed for safe use
underground, however, MSHA assumes
that the underground metal and
nonmetal mining community’s
significant reliance upon the use of
diesel-power will continue.

(2) The Composition of Diesel Exhaust
and Diesel Particulate Matter (DPM)

The emissions from diesel engines are
actually a complex mixture of
compounds, containing gaseous and
particulate fractions. The specific
composition of the diesel exhaust in a
mine will vary with the type of engines
being used and how they are used.
Factors such as type of fuel, load cycle,
engine maintenance, tuning, and
exhaust treatment will affect the
composition of both the gaseous and
particulate fractions of the exhaust. This
complexity is compounded by the
multitude of environmental settings in
which diesel-powered equipment is
operated. Nevertheless, there are a few
basic facts about diesel emissions that
are of general applicability.

The gaseous constituents of diesel
exhaust include oxides of carbon,
nitrogen and sulfur, alkanes and alkenes
(e.g., butadiene), aldehydes (e.g.,
formaldehyde), monocyclic aromatics
(e.g., benzene, toluene), and polycyclic
aromatic hydrocarbons (e.g.,
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phenanthrene, fluoranthene). The
oxides of nitrogen ( NOx) are worth
particular mention because in the
atmosphere they can precipitate into
particulate matter. Thus, controlling the
emissions of NOx is one way that engine
manufacturers can control particulate
production indirectly. (See section 5 of
this part).

The particulate components of the
diesel exhaust gas include the so-called
diesel soot and solid aerosols such as
ash particulates, metallic abrasion
particles, sulfates and silicates. The vast
majority of these particulates are in the
invisible sub-micron range of 100nm.

The main particulate fraction of diesel
exhaust is made up of very small
individual particles. These particles
have a solid core mainly consisting of

elemental carbon. They also have a very
surface-rich morphology. This surface
absorbs many other toxic substances,
that are transported with the
particulates, and can penetrate deep
into the lungs. There can be up to 1,800
different organic compounds adsorbed
onto the elemental carbon core. A
portion of this hydrocarbon material is
the result of incomplete combustion of
fuel; however, the majority is derived
from the engine lube oil. In addition, the
diesel particles contain a fraction of
non-organic adsorbed materials. Figure
I1-1 illustrates the composition of dpm.

Diesel particles released to the
atmosphere can be in the form of
individual particles or chain aggregates
(Vuk, Jones, and Johnson, 1976). In
underground coal mines, more than

Figure II-1
DPM components

90% of these particles and chain
aggregates are submicrometer in size
(i.e., less than 1 micrometer (1 micron)
in diameter). Dust generated by mining
and crushing of material—e.g., silica
dust, coal dust, rock dust—is generally
not submicrometer in size. Figure II-2
shows a typical size distribution of the
particles found in the environment of a
mine that uses equipment powered by
diesel engines (Cantrell and Rubow,
1992). The vertical axis represents
relative concentration, and the
horizontal axis the particle diameter. As
can be seen, the distribution is bimodal,
with dpm generally being well less than
1 um in size and dust generated by the
mining process being well greater than
1 um.
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Figure 11-2 -Typical distribution of dpm relative to distribution of other
mining particulates.
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As shown on Figure II-3 (Majewski,
W. Addy, Diesel Progress June, 1998)
diesel particulates have a bimodal size
distribution which includes small
nuclei mode particles and larger
accumulation mode particles. As further
shown, most of diesel particle mass is
contained in the accumulation mode but
most of the particle number can be
found in the nuclei mode.

The particles in the nuclei mode, also
known as nanoparticles, are being
investigated as to their health hazard
relevance. The interest in these particles
has been sparked by the finding that
newer “low polluting engines emit
higher numbers of small particles than
the old technology engines. Although
the exact composition of diesel
nanoparticles is not known, it was
found that they may be composed of
condensates (hydrocarbons, water,
sulfuric acid). The amount of these
condensates and the number of
nanoparticles depends very significantly
on the particulate sampling conditions,
such as dilution ratios, which were
applied during the measurement.

Both the maximum particle
concentration and the position of the
nuclei and accumulation mode peaks,
however, depend on which
representation is chosen. In mass
distributions, the majority of the
particulates (i.e., the particulate mass) is
found in the accumulation mode. The
nuclei mode, depending on the engine

Dissel particulate size distnibution,

technology and particle sampling
technique, may be as low as a few
percent, sometimes even less than 1%.
A different picture is presented when
the number distribution representation
is used. Generally, the number of
particles in the nuclei mode contributes
to more than 50% of the total particle
count. However, sometimes the nuclei
mode particles represent as much as
99% of the total particulate number.
The topic of nanoparticles is discussed
further in section 5 of this Part.

(3) The Sampling and Analytical
Techniques for Measuring Ambient dpm
in Underground Metal and Nonmetal
Mines

As MSHA noted in the preamble to
the proposed rule, there are a number of
methods which can measure dpm
concentrations with reasonable accuracy
when it is at high concentrations and
when the purpose is exposure
assessment. Measurements for the
purpose of compliance determinations
must be more accurate, especially if
they are to measure compliance with a
dpm concentration as low as 200 pug/m?
or lower. Accordingly, MSHA noted that
it needed to address a number of
questions as to whether any existing
method could produce accurate, reliable
and reproducible results in the full
variety of underground mines, and
whether the samplers and laboratories
existed to support such determinations.
(See 63 FR 58127 et.seq).

MSHA concluded that there was no
method suitable for such compliance
measurements in underground coal
mines, due to the inability of the
available methods to distinguish
between dpm and coal dust.
Accordingly, the agency developed a
rule for the coal mining sector that does
not depend upon ambient dpm
measurements.

By contrast, the agency concluded
that by using a sampler developed by
the former Bureau of Mines, and an
analytical method developed by the
National Institute for Occupational
Safety and Health (NIOSH), MSHA
could accurately measure dpm levels at
the required concentrations in
underground metal and nonmetal
mines. While not requiring operators to
use this method for their own sampling,
MSHA did commit itself to use this
approach (or a method subsequently
determined by NIOSH to provide equal
or improved accuracy) for its own
sampling. Moreover the agency
proposed that MSHA sampling be the
sole basis for determining compliance
by metal and nonmetal mine operators
with applicable compliance limits, and
that a single sample would be adequate
for such purposes. Specifically,
proposed §57.5061 would have
provided:

Section 57.5061 Compliance
determinations.

(a) A single sample collected and
analyzed by the Secretary in accordance
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with the procedure set forth in
paragraph (b) of this section shall be an
adequate basis for a determination of
noncompliance with an applicable limit
on the concentration of diesel
particulate matter pursuant to § 57.5060.

(b) The Secretary will collect and
analyze samples of diesel particulate
matter by using the method described in
NIOSH Analytical Method 5040 and
determining the amount of total carbon,
or by using any method subsequently
determined by NIOSH to provide equal
or improved accuracy in mines subject
to this part.

This part of MSHA’s proposed rule
received considerable comment. Some
commenters challenged the accuracy,
precision and sensitivity of NIOSH
Analytical Method 5040. Some
challenged whether the amount of total
carbon determined by the method is a
reliable way to determine the amount of
dpm. Others questioned whether the
sampler developed by the former
Bureau of Mines would provide an
accurate sample to be analyzed. Many
commenters asserted that the analytical
method would not be able to distinguish
between dpm and various other
substances in the atmosphere of
underground metal and nonmetal
mines—carbonates and carbonaceous
minerals, graphitic materials, oil mists
and organic vapors, and cigarette smoke.
(It should be noted that commenters
also questioned the use of a single
sample as the basis for a compliance
determination, and the use of area
sampling in compliance determinations;
these comments are reviewed and
responded to in Part IV of this preamble
in connection with the discussion of
§57.5061.)

The agency has carefully reviewed the
information and data submitted by
commenters. Where necessary to verify
the validity of comments, MSHA
collected additional information which
it has placed in the record, and which
in turn were the subject of an additional
round of comments.

Background. As discussed in section
2 of this part, diesel particulate consists
of a core of elemental carbon (EC),
adsorbed organic carbon (OC)
compounds, sulfates, vapor phase
hydrocarbons and traces of other
compounds. The method developed by
NIOSH provides for the collection of a
sample on a quartz fiber filter. As
originally conceived, the filter is
mounted in an open face filter holder
that allows for the sample to be
uniformly deposited on the filter
surface. After sampling, a section of the
filter is analyzed using a thermal-optical
technique (Birch and Cary, 1996). This
technique allows the EC and OC species
to be separately identified and
quantified. Adding the EC and OC
species together provides a measure of
the total carbon concentration in the
environment.

Studies have shown that the sum of
the carbon (C) components (EC + OC)
associated with dpm accounts for 80—
85% of the total dpm concentration
when low sulfur fuel is used (Birch and
Cary, 1996). Therefore, in the preamble
to the proposed rule, MSHA asserted
that since the TC:DPM relationship is
consistent, it provides a method for
determining the amount of dpm. MSHA
noted that the method can detect as
little as 1 ug/m3 of TC. Moreover,
NIOSH has investigated the method and
found it to meet NIOSH’s accuracy
criterion (NIOSH, 1995)—i.e., that

measurements come within 25 percent
of the true TC concentration at least 95
percent of the time.

In the preamble to the proposed rule,
MSHA recognized that there might be
some interferences from other common
organic carbon sources in underground
metal and nonmetal mines: specifically,
oil mists and cigarette smoke. The
agency noted it had no data on oil mists,
but had not encountered the problem in
its own sampling. With respect to
cigarette smoke, the agency noted that:
“Cigarette smoke is under the control of
operators, during sampling times in
particular, and hence should not be a
consideration.” (63 FR 58129).

The agency also discussed the
potential advantages and disadvantages
of using a special device on the sampler
to eliminate certain other possible
interferences. NIOSH had recommended
the use of a submicron impactor when
taking samples in coal mines to filter
out particles more than one micron in
size. See Figure III-3. The idea is to
ensure that a sample taken in a coal
mine does not include significant
amounts of coal dust, since the
analytical method would capture the
organic carbon in the coal dust just like
the carbon in dpm. Coal dust is
generally larger than one micron, while
dpm is generally smaller than one
micron. However, MSHA pointed out
that while samples in underground
metal and nonmetal mines could be
taken with a submicrometer impactor,
this could lead to underestimating the
total amount of dpm present. This is
because the fraction of dpm particles
greater than 1 micron in size in the
environment of noncoal mines can be as
great as 20%.

BILLING CODE 4510-43-P
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MSHA also noted that while NIOSH
Method 5040 requires no specialized
equipment for collecting a dpm sample,
the sample would most probably require
analysis by a commercial laboratory.
The agency noted it did not foresee the
availability of qualified testing facilities
as a problem. The agency likewise
discussed the availability of the
sampling device, and noted steps that
were underway to develop a disposable
sampler. (63 FR 58130)

Sample Collection Methods. Some
commenters raised questions about how
dpm samples should be taken: using
open face sampling, respirable sampling
and submicron sampling. All three are
discussed in NIOSH Analytical Method
5040. Because diesel particulate matter
is primarily submicron in size any of the
three sampling methods could be used.

The choice of sample collection
method considers the cost and potential
interferences that the method can
contribute. Regardless of the sampling
method, the sampling media (filter)
must be one that does not interfere with
the analysis. For this reason a pre-fired
quartz fiber filter has been chosen. The
quartz fiber filter is capable of
withstanding the temperatures from the
analytical procedure. The filter is pre-
fired to remove residual carbon,
attached to the filter during
manufacturing.

Total Dust Sampling. Total dust
sampling is the least expensive method
to collect an airborne dust sample. It is
commonly used to collect a sample that
is representative of all the dust in the
environment; i.e., the particles are not
preclassified during the collection
process. Total dust sampling can be
performed using a filter cassette that
allows the whole face of the filter to be
exposed during collection of the sample
(open face) or using a filter cassette with
a small inlet opening (referred to as a
closed face filter cassette). The latter
method is used by MSHA for
compliance sampling for total dust in
the metal and nonmetal sector. Because
the sample collected is representative of
all the particulate matter in the
environment, there is the potential for
interference from mineral contaminants
when sampling for diesel particulate
matter. While in many cases the
analytical results can be corrected for
these interferences, in some instances
the interferences may be so large that
they can not be quantified with the
analytical procedure, thus preventing
the analytical result to be corrected for
the interference.

Additionally, MSHA has noted that in
some cases when using the total dust
sampler with the small inlet hole,
distribution of the collected sample on

the filter is not uniform. The
distribution of sample is concentrated in
the center of the filter. This can result

in the effect of an interference being
magnified. As a result, MSHA considers
that total dust sampling is not an
appropriate sampling method for the
mining industry to use when sampling
diesel particulate matter.

Respirable Dust Sample Collection.
Respirable dust sampling is commonly
used when a size selective criteria for
dust is required. The mining industry is
familiar with size selective sampling for
the collection of coal mine dust samples
in coal mines and for collecting
respirable silica samples in metal and
nonmetal mines. For respirable dust
sampling MSHA uses a 10 millimeter,
Dorr Oliver nylon cyclone as a particle
classifier to separate the respirable
fraction of the aerosol from the total
aerosol sampled. The use of this particle
classifier would be suitable when
sampling diesel particulate, provided
significant amounts of interfering
minerals are not present. This is because
90 percent of the diesel particulate is
typically less than 1 micrometer in size.
Particles less than 1 micrometer in size
pass through the cyclone and are
deposited on the filter. While in many
cases, these interferences could be
removed during the analytical
procedures, the analytical procedures
alone can not be assured to remove the
interferences when large amounts of
mineral dust are present.

Additionally, MSHA has observed
that in some sampling equipment the
cyclone outlet hole has been reduced
when interfacing it with the filter
capsule. MSHA has further observed
that where this has occurred, the
distribution of sample on the collection
filter may not be uniform. In this
circumstance the sample is also
concentrated in the center of the filter
which can result in the effect of a
mineral interference being magnified.
As a result, MSHA considers that
respirable dust sampling is not a
universally applicable sampling method
for the mining industry to use for
sampling diesel particulate matter.

Submicron Dust Sample Collection.
Since only a small fraction of a mineral
dust aerosol is less than 1 micrometer in
size, a submicrometer impactor (Cantrell
and Rubow, 1992) was developed to
permit the sampling of diesel particulate
without sampling potential mineral
interferences. The submicrometer
impactor was initially developed to
remove the interference from coal mine
dust when sampling diesel particulate
in coal mines. It was designed to remove
the carbon coal particles, that are greater
than 0.8 micrometer in size, when

sampling for diesel particulate matter at
a pump flowrate of 2.0 liters per minute.
As a result the submicrometer impactor
cleans potentially interfering mineral
dust from the sample.

As noted in the preamble to the
proposed rule, use of this method to
measure dpm does result in the
exclusion of that portion of dpm that is
not submicron in size, and this can be
significant. On the other hand, this
method avoids problems associated
with the other methods described above.
Moreover, as discussed in more detail
below under the topic of
“interferences”, the submicron impactor
can eliminate certain substances that in
metal and nonmetal mines would
otherwise make it difficult for the
analytical method to be used for
compliance purposes.

Accuracy of Analytical Method,
NIOSH Method 5040. Commenters
challenged the accuracy, precision and
sensitivity of the analytical method
(NIOSH Method 5040) used for the
diesel particulate analysis. MSHA has
carefully reviewed these concerns, and
has concluded that provided a
submicron impactor is used with the
sampling device in underground metal
and nonmetal mines, NIOSH Method
5040 does provide the accuracy,
precision and sensitivity necessary to
use in compliance sampling for dpm in
such mines.

As noted above, NIOSH Method 5040
is an analytical method that is used to
determine elemental and organic carbon
content from an airborne sample. It is
more versatile than other carbon
analytical methods in that it
differentiates the carbon into its organic
and elemental carbon components. The
method accomplishes this through a
thermal optical process. An airborne
sample is collected on a quartz fiber
filter. A portion of the filter,
(approximately 2 square centimeters in
area) is placed into an oven. The
temperature of the oven is increased in
increments. At certain oven temperature
and atmospheric conditions (helium,
helium-oxygen), carbon on the filter is
oxidized into carbon dioxide. The
carbon dioxide gas is then passed over
a catalyst and reduced to methane. The
methane concentration is measured and
carbon content is determined.
Separation of different types of organic
carbon is accomplished through
temperature and atmospheric control.
The instrument is programmed to
increase temperature in steps over time.
This step by step increase in
temperature allows for differentiation
between various types of organic
carbon.
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A laser is used to differentiate the
organic carbon from the elemental
carbon. The laser penetrates the filter
and when the laser transmittance
reaches its initial value this determines
when elemental carbon begins to evolve.
The computer software supplied with
the instrumentation indicates this
separation by a vertical line. The
separation point can be adjusted by the
analyst. As a result, there may be small
differences in the determination of
organic and elemental carbon between
analysts, but the total carbon (sum of
elemental and organic carbon) does not
change. The software also allows the
analyst to identify and quantify the
different types of organic carbon using
identifiable individual peaks. This
permits the mathematical subtraction of
a particular carbon peak. This feature is
particularly useful in removing
contributions from carbonates or other
carbonaceous minerals. In other total
carbon methods, samples have to be
acidified to remove carbonate
interference. A thermogram is produced
with each analysis that shows the
temperature ramps, oven atmospheric
conditions and the amount of carbon
evolved during each step.

A range of five separate sucrose
standards between 10-100 pg/cm?
carbon are initially analyzed to check
the linearity of the internal calibration
determined using a constant methane
concentration. This constant methane
concentration is injected at the end of
each analysis. To monitor this methane
constant, sucrose standards are analyzed
several times during a run to determine
that this constant does not deviate by
more than 5-10%.

The method has the sensitivity to
analyze environmental samples
containing 1 to 10 ug/m3 of elemental
carbon. The method will be used in
mining applications to determination
total carbon contamination where the
diesel particulate concentration will be
limited to 400 ug/m3rc and 160 pg/
m3rc. NIOSH has reported that the
lower limit of detection for the method
is 0.1 ug/cm? elemental carbon for an
oven pre-fired filter portion and 0.5 ug/
cm? organic carbon for an oven pre-fired
filter portion. For a full shift sample,
this detection limit represents
approxi